INTRODUCTION
Randomised controlled trials in cardiovascular diseases increasingly recruit patients on a global scale. [1] [2] [3] [4] Such global enrolment helps to facilitate participant recruitment and improves the validity and applicability of trial results worldwide. 5 However, the characteristics and management of patients with acute coronary syndrome (ACS) have been reported to vary substantially among countries with developed economies. [6] [7] [8] Limited data from countries with developing economies suggest higher event rates among clinical trial participants in these countries compared with those from countries with developed economies. 9 10 Thus, the patient characteristics and outcomes of global ACS trials may be influenced by the developmental status of individual countries.
The United Nations Development Programme's (UNDP) Human Development Index (HDI) 11 provides a standardised measure of the social and economic development of an individual country. HDI combines a country's per-capita gross national income (GNI) as determined by The World Bank, mean life expectancy of the population and mean or expected years of schooling of that country's citizens.
We analysed data from the Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute Coronary Syndromes trial (TRILOGY ACS; ClinicalTrials.gov identifier NCT00699998), which recruited patients in 51 countries, to assess the effect of the development and economic statuses of countries, using HDI and per-capita GNI, on patient characteristics and outcomes in medically managed patients with ACS.
METHODS

Trial details
The present study is a secondary data analysis of the TRILOGY ACS trial database. Details of the study design and results have been published. 12 13 In brief, TRILOGY ACS was a double-blinded, randomised controlled trial that recruited patients with unstable angina or non-ST-segment elevation myocardial infarction (NSTEMI) who were planned to undergo medical management without revascularisation for their index ACS event. Study participants were randomly assigned to receive either prasugrel or clopidogrel against a background of low-dose aspirin therapy. Patients were recruited from 27 June 2008 to 12 September 2011 and were followed up to the completion of the trial in March 2012.
Study patients
Patients were recruited within 10 days of experiencing their index ACS event. Patients with Open Access Scan to access more free content NSTEMI were recruited if they had elevated cardiac markers, while potential participants with unstable angina were required to have >1 mm ST-segment depression on an ECG. In addition, all patients were required to have at least one of the following risk factors: age >60 years, diabetes mellitus, previous myocardial infarction (MI), or previous coronary revascularisation. Coronary angiography was not mandated; however, if performed, it was required to be done prior to randomisation and to show evidence of coronary artery disease (CAD) with a >30% lesion in native arteries or previous revascularisation. Major exclusion criteria included transient ischaemic attack/stroke or coronary revascularisation within the previous 30 days, renal failure requiring dialysis and concomitant anticoagulant use.
Study sites
This study analysed data collected from 9301 study participants enrolled at research sites in 51 countries. A total of 25 study participants enrolled in Taiwan were excluded from the present study due to lack of an officially reported HDI for Taiwan by the UNDP.
Study groups
We compared patient baseline clinical characteristics and clinical outcomes through 30 months by country-level HDI from 2010 (the midpoint of the trial) as determined by the UNDP 11 and country-level, per-capita GNI from 2010 as determined by The World Bank. 14 The 51 countries were categorised by HDI values into three groups (very high, high and medium) according to the definition provided by UNDP. Continuous per-capita GNI values were categorised into three groups (high, upper middle and lower middle) according to the definition provided by The World Bank.
Study outcomes
The efficacy outcomes evaluated for this study were (1) the primary efficacy composite endpoint of cardiovascular death, MI, or stroke, and (2) individual component endpoints of cardiovascular death, all MI events, all stroke events and all-cause death. All outcomes were ascertained through 30 months.
Statistical analysis
Baseline characteristics were compared among the three HDI groups within the intention-to-treat population. Continuous variables are presented as medians (25th, 75th centiles), and differences were compared using the Kruskal-Wallis test. Categorical variables are presented as counts ( percentages). Differences were compared using the χ 2 test when cell frequencies were sufficient; otherwise, an exact test was used. Event counts and unadjusted Kaplan-Meier event rates at 30 months after randomisation were presented for the same groups and compared using the log-rank test. The same analysis was repeated for the three per-capita GNI groups. The extent of CAD in patients who underwent prerandomisation angiography was also assessed across the three HDI groups. The number of diseased vessels and types of vessels with ≥50% diameter stenosis are presented as counts (percentages). Differences were compared using the χ 2 test when cell frequencies were sufficient; otherwise, an exact test was used. p Values are reported for each of the four vessel types (left anterior descending, left circumflex, left main and right coronary artery) because patients could have more than one diseased vessel.
To determine the relationship between HDI ( per-capita GNI) and the risk of an ischaemic event, a Cox model was fitted using two separate approaches. The first approach was an unadjusted analysis in which time to first event was regressed on only HDI ( per-capita GNI). The second approach was an adjusted analysis in which time to first event was regressed on HDI ( per-capita GNI), including a collection of prespecified 'adjustment' covariates inherent to the TRILOGY ACS trial (see online supplementary appendix for further details regarding the adjusted modelling approach). The highest level of each measure was used as the reference level in the model (very high for HDI and high for per-capita GNI). The relationship between HDI ( per-capita GNI) and clinical outcomes was assessed by performing a global test of association across all three levels and then reporting HRs and 95% CIs for each pairwise comparison among the levels of HDI ( per-capita GNI). To account for correlation within countries, each model used a robust sandwich estimate for the covariance matrix that was then used in the Wald tests for examining the global null hypothesis and null hypotheses of individual parameters.
RESULTS
Country distribution
The distributions of HDI and per-capita GNI of the countries participating in the TRILOGY ACS trial are shown in figure 1 . The distributions of the participating countries by their respective HDI and per-capita GNI, and the numbers of participants from each country are shown in the online supplementary appendix. No low-HDI or low-GNI countries participated in the trial.
Patient characteristics
The baseline characteristics of study participants by HDI classification are shown in table 1. There were significant differences among groups for all reported baseline characteristics except for Killip class. Patients from medium-HDI countries were younger and more often weighed <60 kg. They were less likely to have hypertension, hyperlipidaemia or family history of CAD and overall had a lower median Global Registry of Acute Coronary Events (GRACE) risk score. However, they had a higher prevalence of diabetes, and fewer of them underwent prerandomisation angiography. They were also less likely to be receiving angiotensin-converting enzyme inhibitors (ACE-Is)/angiotensin receptor blockers (ARBs), β-blockers or statins. Among those participants who underwent angiography, the extent and distribution of CAD varied significantly by HDI grouping (table 2) .
Study outcomes
The event rates of study patients according to country-level HDI groupings are presented in table 3. Rates of occurrence of the composite endpoint and the individual component endpoint of MI differed significantly among groups, with the high-HDI country group having the lowest event rate for the composite endpoint and the medium-HDI country group having the lowest rate of MI. The unadjusted and adjusted HRs for the study outcomes are presented in table 4. The Kaplan-Meier curves for the unadjusted outcomes for CVD/MI/stroke are shown in figure 2 and other outcomes in figure 3. Whereas the unadjusted HRs for the composite endpoint and the MI component endpoint were lower for medium-HDI and high-HDI countries, the adjusted study outcomes were similar among the different HDI groups. In analysing data based on the per-capita income grouping of countries, event rates for the primary endpoint are significantly different in the unadjusted and adjusted analyses (table 5). The lower-middle-income group had a significantly lower rate of the composite endpoint compared with upper-middle-income and high-income countries; this difference was primarily driven by lower MI rates in lower-middle-income countries.
DISCUSSION
The clinical profiles, management and clinical outcomes of patients differed substantially among countries by their HDI groupings in this global ACS trial. The higher unadjusted event rates in very-high HDI countries appear to be explained by the older age and higher risk profiles of these patients as these differences did not persist after adjustment.
With the increasing globalisation of clinical trials in ACS, variations in clinical outcomes by geographic region have been noticed and debated, 15 16 reflecting the belief that treatment benefits may differ by region. However, the credibility and biological plausibility of such trials have been challenged, 17 and an examination of trial outcomes grouped by the economic and social development of participating countries has not been previously performed. We therefore assessed study outcomes from the TRILOGY ACS trial according to HDI of participating countries because this index reflects country-level socioeconomic status, an important determinant of disease management and patient outcomes. 17 The present study showed that patients from medium-HDI countries were younger and had fewer associated cardiovascular risk factors. This finding has been reported in earlier studies in ACS in which patients from developing countries were typically younger than those from developed countries. 8 18 This finding would also account for the lower rates of hypertension and hyperlipidaemia seen among such patients. However, the rates of diabetes mellitus were highest in medium-HDI countries, possibly due to the large representation of patients from India, which has a very high prevalence of diabetes. 19 Compared with patients from the very-high HDI group, the presentation characteristics of patients from the medium-HDI group were markedly different, with these patients also being more likely to present with unstable angina. The available angiographic characteristics of patients also differed by HDI group, with those from medium-HDI countries having an overall lower disease burden and substantially lower likelihood of undergoing angiography prior to randomisation. The reasons for these differences are not clear and could be due to variations among ACS patient populations or study recruitment patterns. Overall, the observed differences in baseline characteristics are responsible for these patients having lower ACS risk scores.
One intriguing finding of this study was that patients from lower-middle-income countries, the lowest-income group of countries, enrolled in TRILOGY ACS had better outcomes with regards to occurrence of the composite endpoint compared with patients from countries with higher per-capita GNI. Unlike the variations seen in HDI grouping, this difference persisted despite adjustment for standard covariates. This finding contradicts results from other multinational trials and registries that found higher event rates in lower-income countries. 9 10 This may be due to the fact that TRILOGY ACS enrolled participants slated to undergo medical treatment for their ACS without planned coronary intervention; thus, a more equitable opportunity of management was available for all patients. Similarly, time of presentation and means of perfusion were less-important outcome determinants in this medical management trial compared with other ACS trials. 10 The difference in endpoint occurrence was primarily driven by lower rates of MI in these patients and could be due to differences in medical care-seeking behaviour in lower-income countries or to the use of more sensitive and stringent tools to detect MI in higher-income countries. Another important study finding was the lower rate of use of drugs for secondary prevention (β-blockers, ACE-Is/ARBs and statins) in medium-HDI countries. This may reflect differences in practice patterns or could be due to the lower risk profiles of patients from these countries. Lower rates of use of secondary prevention drugs in developing countries were also observed in the Prospective Urban Rural Epidemiology study 20 and in other trials. 21 22 This study is the first of its kind to assess a global clinical trial population with ACS according to the HDI groupings of the participating countries, thereby revealing clinically important differences in the characteristics and management of patients with ACS across different groups. This study's strengths also include the availability of data drawn from a relatively large and globally distributed population that included patients who often have not been included in clinical trials examining ACS (ie, higher-risk patients slated for medical management of their index ACS events without revascularisation). The TRILOGY ACS dataset also incorporated long-term (up to 30 months postrandomisation) follow-up data.
We note several limitations to our study. HDI reported for a given country represents a standardised measure of the social and economic development of that country; however, there may be significant intra-country variations, especially in large medium-HDI countries such as India, where there are notable differences between rural and urban regions. An additional limitation is the lack of representation of low-HDI countries and the fact that the medium-HDI group is characterised by fewer countries and patients relative to the high-HDI and very-high HDI groups. However, this reflects the circumstances for much medical research, which largely remains concentrated in more developed countries, and thus this represents a good beginning for assessing patient characteristics and outcomes from less-developed countries in a global trial. 23 We also note that the hospitals and the patients recruited in the trial in medium-HDI countries are mostly urban and not truly representative of their respective countries. Typically these patients are recruited from tertiary and academic institutions where the patient characteristics and management vary from those of other hospitals, especially in developing countries. Similarly, patient management and outcomes in a clinical trial may not reflect "real-world" clinical practice; however, these limitations are inherent to any clinical trial.
In conclusion, our findings highlight the fact that despite the application of uniform study eligibility criteria, baseline characteristics were found to differ significantly among patients from different HDI-classified countries in this global study of patients with ACS. These baseline differences in turn lead to differential outcomes. This has important implications for clinical trial designs as such recruitment heterogeneity would affect sample size calculations and the statistical power of prospective studies. These findings may help in the conduct of future global ACS trials. 
